Abstract Although diabetic nephropathy is a microvascular complication of diabetes mellitus, some reports suggest that renal biopsy often shows this pathological change without a diagnosis of diabetes mellitus. Here, we report a case of a 65-year-old man who presented with proteinuria, hypoalbuminemia and hypertension without a diagnosis of diabetes mellitus. He drank alcohol regularly and was a heavy smoker. Renal biopsy revealed a diffuse increase in the mesangial area, mesangial nodules or well-developed hyalinosis, interstitial fibrosis, and arteriosclerosis consistent with the changes of diabetic nephropathy. Although we had initially diagnosed him with idiopathic nodular glomerulosclerosis, use of a continuous glucose monitoring system (CGMS) revealed that the changes in his daily blood glucose concentrations met with the diagnostic criteria of diabetes mellitus. Accordingly, we diagnosed him with diabetic nephropathy and initiated treatment for diabetes mellitus. This case suggests that some cases of diabetic nephropathy may be hidden among patients with impaired glucose tolerance, who are not diagnosed with diabetes mellitus. Use of a CGMS may be helpful in diagnosing this type of ''hidden'' diabetes mellitus. In addition to diet therapy, smoking control, treatment for hypertension, and strict control of hyperglycemia may be important for these patients.
Introduction
Proteinuria is one of the principal features of diabetic nephropathy. Some reports suggest the existence of cases in which the pathological changes of diabetic nephropathy are observed without a diagnosis of overt diabetes mellitus [1] [2] [3] . These patients are diagnosed with idiopathic nodular glomerulosclerosis (ING). Strict control of smoking and hypertension, which are known causes of ING, is thought to be more effective treatments for this disorder than glycemic control. Recently, a continuous glucose monitoring system (CGMS) has been used to provide more detailed information about the changes in daily blood glucose concentrations. Here, we report our experience of a case of diabetic nephropathy initially suspected based on the results of renal biopsy, and finally diagnosed using a CGMS.
Case report
A 65-year-old Japanese man presented with proteinuria and hypoalbuminemia. His family and medical history were unremarkable except for impaired glucose intolerance (IGT), which had been identified several years previously; however, the patient could not recall exactly when and unfortunately, his medical records were unavailable. At that time, he had received a 75 g oral glucose tolerance test (OGTT) but was not diagnosed with diabetes mellitus. He reported a regular intake of alcohol (350 ml beer and 180 ml distilled liquor every day) and was a heavy smoker (20 cigarettes a day for more than 40 years).
His height was 180 cm and body weight was 75 kg. His blood pressure was 161/89 mmHg. Physical examination showed bilateral leg mild pitting edema. His laboratory test results were: white blood cell count 9,200/lL, hemoglobin 15.7 g/dL, platelets 159 9 10 4 /lL, serum total protein 5.9 g/dL, serum albumin 3.1 g/dL, blood urea nitrogen 14 mg/dL, serum creatinine 1.02 mg/dL, total cholesterol 221 mg/dL, HDL cholesterol 51 mg/dL, triglyceride 183 mg/dL, postprandial blood glucose 122 mg/dL, and HbA1c 5.6 %. His serum immunoglobulin and complement levels were within normal limits. Anti-nuclear antibodies, proteinase-3 (PR3)-ANCA, and myeloperoxidase (MPO)-ANCA were negative. Tests for hepatitis B virus surface antigen and antibodies against hepatitis C virus were also negative. Urinalysis revealed 2 ? protein, and negative for occult blood and sugar. Urinary sedimentation showed 5-9 erythrocytes and 1-4 leukocytes per highpower microscope field. Urinary protein excretion was 1.8 g/day. Serum and urine protein electrophoresis did not reveal anything significant. There were no significant findings from his electrocardiogram and chest radiograph. The abdominal computed tomography and ultrasonography revealed some small kidney stones and no size changes of the bilateral kidneys (right kidney length, 112.7 mm; left kidney length, 128.1 mm). Renal biopsy was performed and evaluation by light microscopy revealed 13 glomeruli, two of which were globally sclerotic. The remaining glomeruli showed diffuse increases in the amount of mesangial matrix and the number of mesangial cells, some small mesangial nodules, mild interstitial fibrosis, hyaline vascular sclerosis and a fibrin cap (Fig. 1) . No amyloid accumulation was observed following Congo red staining. Immunofluorescent staining showed non-specific staining for C3 around the vascular walls, while staining for IgG, IgM, IgA and fibrinogen was negative. Electron microscopy showed an increase in the mesangial matrix, which contained hyalinosis lesions although amyloid fibers were not revealed (Fig. 2) . We performed additional examinations for diabetes mellitus. A 75 g OGTT showed a fasting plasma glucose concentration of 106 mg/dL; the first and second hour plasma glucose concentrations were 203 and 190 mg/dL, respectively. Wide-field laser ophthalmoscopy (not fluorescein angiography) did not show any changes typical of diabetic retinopathy or hypertensive retinopathy. Physical examination, nerve conduction studies and coefficient of variation of R-R intervals (CVR-R) did not show any specific findings typical of diabetic neuropathy. Use of a continuous glucose monitoring system (CGMS; iPro2 Ò ; Medtronic MiniMed, Northridge, CA, USA) revealed continuous hyperglycemia and repeated postprandial hyperglycemia (Fig. 3) .
Discussion
The pathological features of diabetic nephropathy are nodular or diffuse glomerulosclerosis; however, pathological findings similar to diabetic nephropathy are occasionally observed in the absence of diabetes mellitus [1] [2] [3] . Similar nodular changes are seen in amyloidosis, light chain deposit disease, membranoproliferative glomerulonephritis (MPGN), and Takayasu's arteritis. These pathological changes without underlying diseases are referred to as idiopathic nodular glomerulosclerosis (ING). There are several reports that hypertension and smoking increase the risk of ING [4, 5] , both of which were risk factors in this patient. In this case, amyloidosis and light chain deposit disease were unlikely based on the results of protein electrophoresis and renal biopsy in addition to the absence of specific clinical features. There were also no clinical features, which suggested Takayasu's arteritis. This patient has hypertension and a heavy smoking habit. Although the 75 g OGTT revealed impaired glucose intolerance, we initially diagnosed the patient as ING because the criteria for diabetes mellitus were not met and neither diabetic retinopathy nor diabetic neuropathy was detected. However, use of a CGMS revealed the existence of hyperglycemia consistent with diabetic diagnostic criteria and we finally diagnosed the patient with diabetic nephropathy. Dietary intervention was initiated (low sodium and low protein), in combination with smoking control, and medication comprising an angiotensin II receptor antagonist (telmisartan) and a dipeptidyl peptidase-4 (DPP-4) inhibitor (sitagliptin). Makino at el. suggest that telmisartan suppresses the progression of diabetic nephropathy from incipient to overt proteinuria [6] . Furthermore, several reports show that sitagliptin improves glycemic control and produces small reductions in blood pressure [7, 8] . Although the patient's kidney function and proteinuria did not worsen, his proteinuria remained at 1.0-2.0 g/day 1 year later.
Diabetic nephropathy is caused by many factors [9] , and in this case, we speculated that his repeated postprandial hyperglycemia, hypertension, and heavy smoking had contributed to the progression of diabetic nephropathy.
Accumulation of advanced glycation end products (AGEs) is thought to cause cellular injury in the kidney. Interestingly there are some reports that methylglyoxal (MG), an a-oxoaldehyde-derived precursor of AGEs, is closely related to postprandial hyperglycemia and may be a HbA1c-independent risk factor for diabetic angiopathy [10] . Hypertension contributes to the progression of diabetic nephropathy by further increasing the intraglomerular pressure and exacerbating kidney damage. It has been suggested that anatomical structures of the renal vasculature, which arise from either the initial segment of the interlobular artery or directly from the arcuate artery (strain vessel), lead to diabetic nephropathy without causing diabetic retinopathy and neuropathy, although this remains to be confirmed [11] . Smoking causes kidney damage due to the oxidative stress mediated by AGEs and hypertension mediates stimulation of sympathetic nerve activity [4, 12] . We believe that these factors contributed to the diabetic changes in the glomeruli observed in this case.
In previous reports, it has been suggested that diabetic nephropathy and ING are similar yet different concepts of disease. Previous reports, however, suggest that diabetes mellitus, hypertension and smoking contribute to kidney disorders via some common pathways. Diabetes mellitus, including postprandial hyperglycemia, and smoking, may cause damage to the glomeruli by common pathways, for example, that of AGEs [4, 10, 12] , dysregulation of intracellular adhesion molecule (ICAM)-1 expressed by vascular endothelial cells [13] [14] [15] [16] and increasing the expression of transforming growth factor beta (TGF-b), an profibrotic cytokine [17, 18] . It is difficult to distinguish diabetic nephropathy from ING except by speculation based on the clinical course. However, new CGMS technology provides detailed information of fluctuations in blood glucose concentrations over time, thus facilitating early diagnosis of diabetes mellitus. There are currently no reports describing the use of CGMS technology for the diagnosis of simultaneous diabetes and diabetic nephropathy. This case suggests that some cases of diabetic nephropathy are ''hidden'' among the IGT patients not diagnosed with diabetes mellitus. The diagnosis of diabetes mellitus and strict control of hyperglycemia, in addition to other treatments for nephropathy, are important for such patients, and the use of a CGMS may aid in the diagnosis of hidden diabetes mellitus. Although this patient did not recover from overt to incipient proteinuria, the information obtained in this case using CGMS technology may benefit other similar patients by facilitating the early and exact diagnosis and treatment of diabetes mellitus.
